The perseverative cognition hypothesis suggests that worry/ruminative thinking prolongs stress-related physiological activation. This study explored the association of work-related rumination with salivary cortisol sampled at 10pm, and the cortisol awakening response (CAR) the following morning. On a mid-week evening, 108 school teachers completed a small diary about their work related thoughts and gave a saliva cortisol sample at 10pm. The following morning, they gave four additional saliva samples: at awakening and at 15, 30 and 45 minutes after awakening, along with a rating of their anticipatory thoughts about work.
Introduction
Theories and research on stress have typically focused on the acute stressful event and the strategies individuals employ to cope with the stressor when it occurs. Physiological activation in response to stress is thought to contribute to health and disease. Evidence is starting to emerge however to suggest that the pathway between stress and disease is mediated via the prolonged activation of the stress response (Linden, Earle, Gerin, & Christenfeld, 1997; McEwen, 1998) .
Unwinding following energy expenditure is necessary for physical and psychological recovery as persistent failure to unwind is thought to be detrimental to health because it wears down the body's physiological restorative system (McEwen, 1998) . Recovery has been defined as the psycho-physiological unwinding after effort expenditure at work (Geurts & Sonnentag, 2006) and adequate recovery prevents the accumulation of fatigue (Meijman and Mulder, 1998; Querstret & Cropley, 2012; Zijlstra & Sonnentag, 2006) . A number of authors have suggested that the speed and completeness of recovery may be as important in the aetiology of disease and illness as the acute reactivity in response to the stress exposure (Linden, et al., 1997; Ursin & Eriksen, 2004; Brosschot, Pieper, & Thayer, 2005) .
The 'sustained activation theory' (Ursin & Murison, 1983; Ursin & Eriksen, 2001; suggests that when the hypothalamus-pituitary-adrenal HPA axis and sympatheticadrenergic-medullary (SAM) axis are persistently active, recovery does not occur. The repeated activation of the HPA axis and SAM axis can cause lasting neuro-endocrine changes and as a result cause health problems (Wüst, Federenko, Hellhammer, & Kirschbaum, 2000; De Vente, Olff, Van Amsterdam, Kamphuis, & Emmelkamo, 2003) . In order for a physiological stress response to be prolonged, a cognitive representation of a stressor needs to be activated (Ursin & Eriksen, 2001 ). Enduring cognitive processes such as worry, rumination and anticipatory stress have been identified as mediating the process between stress and disease and as such have been termed 'perseverative cognition' (Brosschot, van Dijk, & Thayer, 2002) . Perseverative cognition is characterised by repetitive thoughts that are intrusive and contain representations of a past or future anticipatory stressor (Brosschot, Gerin, & Thayer, 2006) . Therefore when individuals engage in perseverative thinking about stressors this initiates or prolongs their physiological stress response, which over time can lead to somatic disease (Brosschot et al., 2005) .
HPA Activity Biomarkers of the Stress Response
An important biomarker for stress responsivity is cortisol secretion. When an individual is presented with a stressful event the HPA axis responds by activating corticotrophin releasing factor (CRF) and adrenocorticotropic hormone (ACTH) neurons in the paraventricular nucleus (PVN). This causes the adrenal cortex to release the stress hormone cortisol. The HPA axis response will vary depending on the psychological components of the situation, for example if the situation is uncontrollable or unpredictable a greater degree of activation may occur (Hellhammer, Wüst, & Kudielka, 2009 ).
Cortisol reactivity has been associated with a number of health indices including, cardiovascular disease risk factors (Wallerius et al., 2003) , cognitive functioning (Marin, Lord, Andrews, Juster, Sindi, et al., 2011 ), depression (Huber, Issa, Schik, & Wolf, 2006 , somatic disorders (Tak, Cleare, Ormel, Manoharan, Kok, Wessely, et al., 2011) , and upper respiratory infection (Cohen, Hamrick, Rodriguez, Feldman, Rabin, et al., 2002) . It is clear that cortisol is therefore an important hormone that plays a major role in a multitude of health related problems and is essential to proper body functioning.
Cortisol secretion exhibits a stable diurnal pattern peaking within the first 30-45 minutes on awakening, and then declining over the day. The initial sharp rise in cortisol on awakening, known as the cortisol awakening response (CAR), is a distinct feature of the diurnal pattern of cortisol secretion, and is considered as a marker or indicator of the integrity of the HPA axis (Pruessner, Kirschbaum, & Hellhammer, 1995; Clow, Thorn, Evans, & Hucklebridge, 2004; Clow, Hucklebridge, Stalder, Evans, & Thorn, 2010) . Although the timing of the CAR varies across studies, a CAR peaking approximately 30 minutes post awakening is considered to reflect a healthy cortisol circadian rhythm . Deviations of the magnitude of the CAR are associated with a number of psychosocial factors in important ways, thus providing an indicator of HPA axis function and dysfunction. The CAR appears to be sensitive to different psychological demands, and has frequently been used as a measure of stress. In particular the CAR has been considered to be a marker of anticipatory stress (Gaab, Rohleder, Nater, & Ehlert, 2005; Fries, Dettenborn, & Kirschbaum, 2009; Rohleder, Beulen, Chen, Wolf, & Kirschbaum, 2007; Preuss, Schoofs, Schlotz, & Wolf, 2010) .
The CAR has also been shown to be associated with sleep, although the research evidence is somewhat equivocal (Garde, Karlsson, Hansen, Persson, & Åkerstedt, 2011) . A recent review identified that the most consistent result is a positive association between longer sleep duration and salivary cortisol at awakening when assessed by a single measure (Kumari, Badrick, Ferrie, Perski, Marmot, & Chandola, 2009; Stalder, Hucklebridge, Evans, & Clow, 2009; Hsiao, Yang, Ho, Jow, Ng, et al., 2010) . A recent study of 387 Danish civil servants however found that sleep disturbance reported during the previous month was associated with increased morning cortisol secretion at 30 minutes after awakening, and sleep disturbance was associated with a flattened CAR three months later (Hansen, Thomsen, Kaergaard, Kolstad, Kaerlev, et al., 2012) .
Although the short-term effect of variations of the CAR are advantageous as cortisol release is thought to prepare the body for impending daily demands, the long-term impact of a dysregulated or blunted CAR can result in permanent changes in the body leading to disease in the long term. This may be due to the mechanisms which underlie the CAR becoming exhausted due to constant and prolonged activation. In a systematic review and meta-analysis, Chida and Steptoe (2008) reported that fatigue, exhaustion and burnout are characterised by a reduced CAR. Prolonged HPA activity is associated with atrophy of neurons in the hippocampus , a region of the brain that has been associated with episodic, declarative, and spatial memory (Uno, Tarara, Else, Suleman, & Sapolsky, 1989; McEwen, 2000) . The effects of the mediators of stress such as the HPA axis is best described by the concept of allostatic load which refers to 'the cumulative effects, or the price the body pays for being forced to adapt to various psychosocial challenges and adverse environments ' (McEwen & Seeman, 1999 ).
Another important marker or indicator of the integrity of the HPA axis is the dynamic feature of cortisol release over the remaining day. Reaching a nadir late in the evening at approximately 10pm (Kirschbaum & Hellhammer, 1989; Kudielka, Schommer, Hellhammer, & Kirschbaum, 2004) , cortisol release naturally declines across the day but regulation can also be imposed by external factors such as demands, threats, or by restorative activities such as relaxation. Thus, sampling secretion during the nadir also provides an insight in the HPA axis activity (Miller, Chen, & Zhou, 2007) . Low evening cortisol values are considered as an important aspect of a healthy cortisol pattern and assessing cortisol release in the late evening has recently gained more research attention (Rydstedt, Cropley, Devereux, & Michalianou, 2009 , Eek, Karlson, Garde, Hansen, & Orbaek, 2012 .
The Current Investigation
In line with the thesis that physiological stress responses are modulated by cognitive mechanisms, and that prolonged activation of physiological stress responses through cognitive processing (e.g. rumination) results in a dysregulation of the HPA axis (Brosschot et al., 2002; McEwen, 2002) , the aim of the present study was to examine possible associations between cortisol secretion, and perseverative cognition. As reported above, perseverative cognition refers to mental representations of a stressful event/s, such as worrisome anticipation prior to, or ruminative thinking following a stressful event. In keeping with this definition, we operationalised perseverative cognition in the present study as ruminative thinking about work-related issues during (i) the evening, following a demanding work day, and (ii) anticipatory stress as thinking/ruminating about work issues in the morning prior to work on awakening. Cortisol was assessed from saliva in order to assess the activity of the HPA axis. Saliva provides a reliable, valid and a non-invasive access to cortisol secretion and cortisol secreted in saliva is known to correlate highly with 'free' cortisol concentration in the blood (Kirschbaum & Hellhammer, 1989) , and is a recommended method of assessing HPA axis activity (Hellhammer et al., 2009) . It was predicted that:
(H1) Individuals engaging in high levels of post work-related rumination during the evening will show elevated cortisol secretion at 10pm, relative to low ruminators.
It has been suggested that awakening results in the activation of neocortical networks, which are linked with the reactivation of memory representations residing in the neocortical circuits. The arousal of memory representations in the process of awakening may bring to the preconscious level information that may stimulate the HPA axis (Wilhelm, Born, Kudielka, Schlotz, Wüst, 2007; Chida & Steptoe, 2008; Fries et al., 2009) . Therefore, employees who are worrying about work the previous evening may have these memories reactivated at preconscious levels when they wake-up, thus causing an increase in the CAR. Evidence tentatively supporting this idea has come from patients with severe global amnesia. Patients with severe amnesia have been found not to exhibit the CAR despite showing normal circadian cortisol profiles (Wolf, Fujiwara, Luwinski, Kirschbaum, & Markowitsch, 2005) . In addition, in a study of ballroom dancers, researchers found individuals to show an enhanced CAR on competition days but a normal CAR on non-competition days (Rohleder et al., 2007) .
Similar results have been found in other studies (Salvador, 2005) . Thus, the increase in cortisol secretion appears to be in response to the body preparing itself for the demands of the impending day. The anticipation of the impending day may therefore be the crucial mechanism underlying the relationship between psychosocial variables and the CAR. It was further predicted that: (H2) Individuals who engage in high levels of anticipatory work-related rumination on awakening, will show an elevated CAR, in the morning relative to low ruminators.
Method Participants
Participants were full-time teachers recruited from primary and secondary schools in the UK.
Teaching is recognized to be a highly stressful and demanding occupation, and a high proportion of teachers ruminate about work-related issues post work (Cropley & Millward Purvis, 2003; Cropley, Dijk, & Stanley, 2006) . Thirty-five school heads were contacted by email or by telephone explaining the nature of the research and those who expressed an interest were sent letters of invitation to distribute to their class teachers. Interested teachers then contacted the researchers direct for an information/sample pack, and a free post envelope in which to return their saliva samples and diaries. One hundred and thirty-two packs were sent out, and 123 (91%) were returned within the study period. Fifteen packs however contained no, or missing saliva samples and therefore these were excluded from the analysis. The final sample consisted of 108 participants. Their age ranged from 21 -61 years with a mean age of 40.8 (10.45) years, and the majority, 71.1% of the sample were female. The mean number of years at their present school was 8.3 years, and the average number of hours worked per week was 42.4.
Measures

Work-related rumination
The work rumination and sleep questions were incorporated into a small diary that was completed on a workday evening at 10pm. Five evening work rumination questions were used: (1) 'Did you think about work in the last hour?' (2) 'Did you think about future work, e.g. lessons, tomorrow?' (3) 'Did you think about things that had happened at work today or before today?' (4) 'Would you describe your work-related thoughts in the last hour as repetitive/recurring?' (5) 'Were your work related thoughts intrusive'. Each was rated on a seven-point scale ranging from 1 = not at all (intrusive) to 7 = all the time (intrusive). These questions are similar to those used in previous studies that have investigated work-related rumination (Cropley & Millward Purvis, 2003; Cropley et al., 2006) . Participants were required to indicate their choice by circling an appropriate number. The internal consistency (Cronbach's α) of the rumination measure was good = 0.91. In addition, participants reported how much time they spent on the following activities during the evening: (1), Work related activities, (2), Social activities, (3), Household/childcare activities, (4), Physical activities, (5), Low effort activities, and (6), Creative activities & hobbies. Finally participants reported how stressful their day was using a single item measure rated on a seven-point scale ranging from 1 = not at all stressful to 7 = very stressful.
Sleep
As sleep has been associated with cortisol, upon awakening, participants reported how long they had slept and whether they had been purposefully awoken during the night, e.g. because of childcare duties or telephone calls etc. They also completed the Karolinska Sleep Diary (Åkerstedt, Hume, Minors, & Waterhouse, 1994) , which contains a series of sleep quality questions: (1) 'did you sleep throughout the night' (2) 'was it difficult or easy to fall asleep' (3) 'did you wake up early' (4) 'did you wake up easily' (6) 'did you dream' (7) 'how refreshed did you feel in morning upon waking' (8) 'how well did you sleep' and (8) 'was your sleep restless or calm'. These questions were rated on a seven-point scale with the lower number indicating poorer sleep. Following Eek and colleagues (Eek et al., 2012) , two indices of sleep were calculated: Disturbed Sleep and Ease of Awakening. The disturbed sleep score was calculated as the mean score of four items relating to (i) difficulties falling asleep; (ii) disturbed/restless sleep; (iii) repeated awakenings; and (iv) premature awakenings (Cronbach's α = .68), and the ease of awakening score was calculated as the mean score for three items relating to (i) ease of awakening; (ii) whether the respondent felt well rested; and (iii) subjective sleep quality (Cronbach's α = .67). Additionally, participants gave a rating of their anticipatory ruminative thoughts about work on awakening (''Did you think about work today as soon as you woke up this morning?') using the same 7 -point rating scale as used in the evening.
Cortisol Assays
Saliva cortisol levels were measured in duplicate, if volume was sufficient, by radioimmunoassay adapted from Read, Fahmy, and Walker (1977) . Limit of detection was 0.7 nmol/L, intra-assay coefficient of variation was 10.8%, 8.8% and 5.3% at 3.3 nmol/L, 6.4 nmol/L and 24.7 nmol/L respectively and inter-assay variation was 11.0%, 10.8% and 10.7% at 2.5 nmol/L, 5.1 nmol/L and 26.4 nmol/L. The duplicate mean cortisol concentration was used in all analysis.
Procedure
Participants were instructed to choose a mid-week evening, either a Tuesday or Wednesday to complete their measures, because rumination declines over the working week as most people start to psychologically unwind as the weekend approaches. They were instructed to complete the evening diary at 10pm, and give their saliva sample in a prelabelled tube at this time.
Participants were asked to refrain from activities when giving their samples that would affect their cortisol levels such as brushing their teeth, drinking fruit juice or caffeinated drinks. The following morning they were asked to give a further four saliva samples in prelabelled tubes: on waking and then, 15, 30 and 45 minutes after waking. They then completed the short morning diary about their sleep and answered the single item concerning their anticipatory ruminative thoughts on awakening. All measures were then posted back to the laboratory together with a cover sheet given details of demographic information, medicine intake, and caffeine consumption.
Data analysis
The data was divided at their respective medians to create low and high groups for evening rumination and for the morning rumination groups. Univariate analyses of variance (ANOVAs) were conducted to determine the main effects of rumination on evening cortisol secretion. The morning cortisol values were analyzed as (i), the mean cortisol concentration (nmol/l) at the four time points, and (ii), the relative awakening response (defined as the percentage increase between the first and the third (morning peaking at 30 minutes) sample (CAR).
Results
The means, standard deviations, and correlations of the study variables are presented in Table   I . As expected there was a significant positive correlation between evening rumination and morning rumination. Evening rumination was correlated with disturbed sleep and difficulty awakening, that is, high rumination was associated with poorer sleep. Both disturbed sleep and poor ease of awakening was correlated with higher morning anticipatory ruminative thoughts.
High evening ruminators reported their day to be more stressful compared to the low ruminators (t = 7.89, p < 0.001). In regards to the evening activities, preliminary analysis revealed that high ruminators spent a greater proportion of their evening on work related activities relative to low ruminators (108 vs. 53 minutes, t = 4.56, p < 0.001), whereas low ruminators spent a greater proportion of their time on social activities (28 vs. 9 minutes, t = 2.27, p < 0.001), and low effort activities (107 vs. 76 minutes, t = 3.03, p < 0.001). The time spent on exercise and creative activities/hobbies during the evening was insufficient to make meaningful comparisons between the groups. There was no significant difference in the number of minutes spent on household activities (63 vs. 60 minutes), nor was there a significant difference in caffeine and alcohol consumption between the two groups. There were no significant gender differences in rumination or cortisol, and age was not significantly correlated with rumination or cortisol.
.
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Evening Cortisol
There was a significant effect of rumination on evening cortisol secretion (F = 5.86, p < 0.02).
This was due to higher cortisol values in the high relative to the low ruminating group (2.81 vs. 2.10 (nmol/l)). The above analysis was repeated controlling for the number of minutes worked over the evening but this did not significantly change the pattern of the overall results (F = 4.85, p = 0.05). Thus, the first hypothesis was supported.
Mean cortisol concentrations are presented in Figure 1 . There was no significant main effect of group (F = 0.17, n.s.). However there was a significant effect of time (F = 6.32, p < 0.001), and a significant group x time interaction (F = 2.98, p < 0.05). Further inspection of Figure 1 revealed that the interaction was due to a significantly higher concentration of cortisol secretion at 30 minutes in the low relative to the high, ruminators. When the analysis was repeated controlling for sleep quality in terms of disturbed sleep or ease of awakening, the differences between the groups were no longer significant. Thus, the effect appears to be due to the high ruminators experiencing a poorer night's sleep. High ruminators awoke 18.2 minutes earlier than the low ruminators (p < 0.05) and they also reported a more disturbed sleeping pattern and frequent awakenings (p < 0.05) relative to the low ruminators. The final set of analysis examined the CAR response. The percentage increase in cortisol concentration from awakening to 30 minutes was significantly greater in the low ruminators (81.6%) compared to the high ruminators (42.7%) (p <0.05). Thus, while both groups appear to demonstrate an increase in cortisol from awakening to 30 minutes, high ruminators had a significantly flattened CAR relative to the low ruminators. Therefore, the second hypothesis was not supported.
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Discussion
The need for recovery has been identified as the crucial link between stress exposure and illness/disease; and it has been argued that it is not the immediate stress response that is damaging to health but rather the prolonged activation of the stress response system via the HPA axis (Brosschot et al., 2002; McEwan, 2002) . Perseverative cognition is thought to perpetuate the stress response and prevent recovery (Brosschot et al., 2002) . The current investigation examined the role of perseverative cognition, operationalized as work-related rumination, on HPA axis activity in terms of salivary cortisol secretion.
The results supported our primary hypothesis that compared with low ruminators; people high on rumination would exhibit higher evening cortisol. This finding is entirely consistent with previous research (Rydstedt et al., 2009) , and is in accord with the principles of perseverative cognition. The secondary hypothesis was more tentative as previous research has been equivocal. Our findings demonstrated that both high and low ruminators demonstrated an increase in cortisol secretion 30 minutes following awakening. It was evident however the interaction was due to a flattening of the CAR in high ruminators. Indeed, the percentage increase between awakening and 30 minutes in the high ruminators was only 42%.
The pattern of high evening cortisol levels and then a flattened CAR is not at first easy to explain, as the findings seem somewhat contradictory. However, our interpretation of the results is that both findings can be fully explained by normal HPA axis activity. Primarily, reacting to the threat of stress by producing greater amounts of cortisol in the evening is consistent with a healthy cortisol pattern. In this instance, the stressor is not immediately present but is the result of ruminating about a past or future threat. By simply recalling a previous stressful experience, an individual will encounter the same levels of physiological arousal that originally accompanied the stressor (Glynn, Christenfeld, & Gerin, 2007) . High ruminators also reported their working day to be more stressful than the low ruminators.
Stressors encountered during the day continue to effect HPA axis regulation and cortisol secretion during the evening, as it is mediated by work-related thoughts. In the morning, we interpret the flattened CAR to be the result of sleep disturbance and earlier awakening. The disruption of sleep, as a result of work stress is thought to alter the CAR, causing bursts of cortisol to be secreted before actually waking and therefore reflecting a diminished CAR (Chida & Steptoe, 2008) . Our findings are also consistent with previous research (Morgan, daily work stress was associated with increased evening cortisol secretion, but also a flattened morning cortisol profile. Interestingly a study by Kumari and colleagues, showed evening cortisol secretion to be higher in those who reported short sleep and a high frequency of sleep disturbances (Kumari et al., 2009 ). Thus, although seemingly contradictory, our findings are logical and consistent with previous research.
It is not known however whether the present findings were influenced by long term stress exposure. In a large meta-analysis that examined HPA axis activity and chronic stress it was found that chronic stress was associated with a diminished CAR but high evening levels of cortisol (Miller et al., 2007) . There are now a number of studies that report chronic strain and stress exposure to be associated with elevated evening cortisol concentrations (AardalEriksson, Eriksson, & Thorell, 2001; Rydstedt, Cropley, Devereux, & Michalianou, 2008; Rydstedt, Cropley, Devereux, 2011) . It is possible that some of our participants were experiencing chronic stress and future research should examine the longitudinal effects of stress, rumination and cortisol secretion on health.
The current investigation was limited by some methodological constraints. Firstly, we were unable to objectively identify the actual time of awakening and this could have affected our results, although we simply do not know if high ruminators are less accurate than low ruminators in their reports of waking time. In addition, it was not possible to identify when participants gave their saliva samples. Adherence to instructions to collect samples at specific times can be poor and slight deviations from the protocol can result in substantial changes in the CAR (Broderick, Arnold, Kudielka, & Kirschbaum, 2004) . Previous research has shown that men and women differ in their cortisol levels and diurnal rhythmicity and their physiological reaction to the long-term effects of job strain (Van Cauter, Leproult, Kupfer, 1996 , Rydstedt et al., 2008 . We found no gender differences and this was possibly due to the underrepresentation of males in the sample. A larger sample would also provide the opportunity to examine gender differences in cortisol secretion. In addition, although saliva cortisol responses appear closely associated with plasma cortisol (Kirschbaum & Hellhammer, 1994) , it needs to be acknowledged however that saliva cortisol can only be considered as an indicator of endocrine reactivity in the present study.
Another limitation is that only one item was used to assess work-related thoughts in the morning. It would be interesting to examine in greater detail the type of thoughts individuals engage in when they awake in the morning. For some, anticipating work could be a positive activity, as individuals may see the forthcoming day as challenging and rewarding and not as a stressor. Thus, some workers may see their day as a positive challenge while others may see it more of a demand or threat. Anticipating an upcoming demand has been shown to be associated with the CAR (Fries et al., 2009 ). Finally, we did not assess other forms of rumination, and it is possible that some people may have ruminated about other non-work matters/stressors, and this could have influenced the present results.
Conclusion
Daily stressors mediated via work-related thoughts continue to effect HPA axis regulation and cortisol secretion during leisure time. Engaging in perseverative work-related thoughts outside work appears to delay physiological recovery as evidenced by greater HPA axis regulation and cortisol secretion during the evening. Disengaging from work-related thoughts outside of the work-place appears to be crucial for restitution and well-being as the inability to recover from stressors may lead to the development of illness/disease long-term. 
